of DES-treated birds was significantly greater than in those of progesterone-treated and control birds (P < 0.01). Progesterone had no significant effect on the population of macrophages. These results suggest that macrophages in the ovary increase in association with sexual maturation of birds and atresia of follicles and decrease during ageing. Oestrogen may be one of the factors that affect the population of macrophages in the hen ovary.
The role of macrophages in the function of the hen ovary has not yet been described, although these cells may be an important regulator of ovarian function in mammals. The aim of this study was to determine the changes in the frequency of macrophages during ageing and follicular atresia, and the effects of sex steroids on the macrophage population in the hen ovary. Cryostat sections of ovarian tissues of immature, young laying and old laying hens and those of immature hens treated with or without diethylstilboestrol (DES) or progesterone were immunostained for macrophage cells using mouse anti-chicken macrophage monoclonal antibody. Macrophages were observed under a light microscope and counted using a computer assisted image analyser. The frequency of macrophages in both the stroma and theca of primary follicles was significantly greater in young laying hens than in immature and old laying hens and these cells were more frequent in old laying hens than in immature hens (P < 0.01). Macrophages were more frequent in atretic follicles than in normal follicles (P < 0.01). The number of macrophages in both the stroma and theca of primary follicles Introduction Macrophages exert a broad range of immunological functions such as phagocytosis of pathogens, antigen presentation and cytokine production in birds (Qureshi et al, 1994) as well as in mammals (Powell, 1987) . Ovarian macrophages are pivotal regulators of follicular development (Fukumatsu et al, 1992 (Fukumatsu et al, , 1995 , steroidogenesis (Petrovska et al, 1996) , ovulation (Brannstrom and Norman, 1993 ) and regression of the corpus luteum (Anderson et al, 1996) in several mammalian species. Macrophages also play a role in removing the follicular cells undergoing atresia in rabbits (Kasuya, 1995) and in mice (Hume et al., 1984; Petrovska et al, 1996) . Tumour necrosis factor (TNF-), an important product of macrophages, increases ovulation rate (Takehara et al, 1994; Araki et al, 1996) , and follicular atresia (Stern and Coulam, 1992; Hsueh et al, 1994) in mammals and also stimulates ovarian progesterone and androgen production (Kirsch et al, 1981; Roby and Terranova, 1988; Adashi, 1990; Roby et al, 1990) . Interleukin 1 (IL-1), another macrophage product, mediates the induction of ovulation by gonadotrophins and suppresses immature follicular luteinization in mammals (Gotschall et al., 1988) . Chicken macrophages exert many functions similar to mammalian macrophages (Qureshi et al, 1993) and may therefore play an important role in ovarian events in hens, such as follicular growth, atresia and ovulation. Previous studies have suggested that chicken ovarian tissues are targets for sex steroids because receptors for progesterone (Yoshimura and Bahr, 1991) , androgen (Yoshimura et al, 1993a) and oestrogen (Yoshimura et al., 1995) are localized in the ovary. In addition, progesterone (Yoshimura et al, 1993b) and oestrogen (Yoshimura and Tamura, 1986) suppress the induction of follicular atresia in hypophysectomized hens. Bahr and Palmer (1989) reported that oestrogen production decreases during ageing in hens.
Immune functions decline with ageing (Tada, 1992) and oestradiol enhances macrophage activity in mammals (Vernon-Roberts, 1969) . Therefore, ageing and sex steroids may affect the frequency of immunocompetent cells, including macrophages, in the ovary. To date, there are no reports on the localization of macrophages in the hen ovary and the factors that regulate their migration. The aim of this study was to determine the localization of macrophages in the ovary of hens and how this localization is affected by age and sex steroids.
"Correspondence.
Revised manuscript received 14 April 1998.
Materials and Methods

Birds
Immature and mature White Leghorn hens were kept in individual cages under a light regimen of 14 h light: 10 h dark, and were provided with feed and water ad libitum. The birds were divided into three groups (n =5 birds each) for the experiment to examine the effects of sexual maturation and ageing on the frequency of macrophages in the ovary: immature birds (approximately 50 days old); young laying hens (approximately 180 days old and laying five or more eggs in a sequence); and old laying hens (approximately 450 days old and laying two or three eggs in a sequence). In the experiment to examine the effects of sex steroids on the frequency of macrophages in the ovary, immature birds (30 days of age) were divided into three groups (n = 5 birds each) that were treated with or without sex steroids, namely sesame oil (vehicle)-, DES-and progesterone-treated groups. DES (Nacalai Tesque, Kyoto) and progesterone (Sigma, St Louis, MO) were dissolved in sesame oil (Nacalai Tesque, Kyoto) at a concentration of 10 mg ml-1 before injection. Immature birds were injected i.m. once a day with DES (1 mg per bird), progesterone (1 mg per bird) or vehicle (0.1 ml per bird) for 7 days.
Tissue preparation
The immature and mature hens were killed by decapitation and the ovarian stromal tissues were collected. All tissues were embedded in OCT compound (Miles Inc., Elkhart, IN) and snap-frozen in a mixture of isopentane and solid carbon dioxide. Cryostat sections of the tissues (15 ¿mr in thickness) were air dried on slides treated with 3aminopropyl-triethoxysilane (Nacalai Tesque, Kyoto) as described by Van Prooijen-Knegt et al (1982) . The sections were then fixed for 10 min with cold acetone and methanol.
Antibodies
Mouse monoclonal anti-chicken macrophage antibody, Kl (Kaspers et al, 1993), kindly provided by Dr Lillehoj, USDA, USA, was used for the primary antibody. Kl antibody recognizes macrophages and thrombocytes (Kaspers et al, 1993) . Macrophages are non-uniform in shape and are located in various tissues (Qureshi et al, 1994) , whereas thrombocytes are oval in shape and are located only in the blood vessels (Swenson, 1984) . In this study, there were very few thrombocytes that were positive for Kl in the blood vessels and these were omitted from the investigation. Only macrophages in the ovarian tissues were observed. An immunodetection kit S-HRP (Seikagakukogyo Co., Tokyo) was used for the detection of immunoprecipitates of primary antibody.
Immunostaining
The sections were washed with PBS for 15 min (3x5 min) and incubated with 1% goat serum for 15 min to block the non-specific bindings of antibodies. The sections were then incubated overnight with mouse anti-chicken macrophage antibody diluted with PBS containing 0.5% (w/v) BSA at a concentration of 1:20, followed by washing with PBS for 15 min (3x5 min). Immunoreactions of the first antibody on the sections were detected using an S-HRP immunostaining kit according to the manufacturer's instructions. Briefly, the sections were incubated with the biotinylated secondary antibody and with avidin-biotin-peroxidase complex for 1 h. Finally, immunoprecipitates were visualized by incubating with a mixture of 0.02% (w/v) 3',3'-diaminobenzidine tetrahydrochloride (Sigma, St Louis, MO) and 0.001% H202 in 0.05 mol Tris-HCl 1_1 (pH 7.6). After immunostaining, the sections were counterstained with haematoxylin, dehydrated and covered. Control staining was carried out simultaneously in which the first antibody was replaced with normal mouse IgG. No positive staining was found in the control slides. Sections were observed under a light microscope or a phase-contrast microscope.
Counting ofmacrophages
The sections were examined under a light microscope using software for image analysis (Mac Aspect, Mitani Co., Fukui). The number of macrophages identified by Kl was obtained by observing three different regions in each theca (approximately 0.5-30 IO4 pm2 tissue) and stroma (approximately 3-6 IO4 /im2 tissue). The number of cells in 1 104 µ 2 tissue was then calculated. The average of the three counts was expressed as the number of cells in 1 104 µ 2 in one tissue of a bird.
Statistical analysis
The significance of differences in the number of positive cells was determined by one-way analysis of variance followed by Duncan's multiple range test.
Results
Effects ofageing on the frequency ofmacrophages
The ovarian stroma consisted of loose connective tissue containing primary follicles. Macrophages were localized in the ovarian stroma and theca of normal primary follicles in all birds examined (Fig. 1 ). The frequency of macrophages in the stroma and theca of primary follicles of immature birds was approximately 1.5 cells and 1.2 cells in 1 IO4 pm2 tissue, respectively. The frequency of macrophages was significantly higher in the stroma and theca of primary follicles of young laying and old laying hens compared with immature hens (P < 0.01) (Fig. 2 ). In addition, the frequency was significantly greater in young laying hens than in old laying hens (P < 0.01).
Frequency ofmacrophages in normal and atretic follicles
The early stages of atresia in the primary follicles were identified by the disruption of the oocyte with loosening of granulosa cell adhesion (Fig. 3a) . The late stages of atresia were identified by the invasion of the follicular cavity by granulosa cells that detached from the thecal layer (Fig. 3b ). Macrophages were localized in the theca and among granulosa cells within the follicular cavity of both types of atretic follicles (Fig. 3a,b ). The population of macrophages in the thecal layer was 1.2 ± 0.2 cells (n = 5) in 1 4 µ 2 tissue in normal primary follicles and increased significantly (P < 0.01) to 15.0 ± 1.7 cells (n = 5) in 1 4 µ 2 tissue in primary follicles in the early stages of atresia. A markedly increased population of macrophages was also observed in the theca and follicular cavity in the late stages of atresia.
Effects of sex steroids on the frequency ofmacrophages There was no significant histological difference in the ovarian structures among DES-, progesterone-and oiltreated (control) immature birds (Fig. 4a-c) . In the stroma of control birds, macrophages were observed at a frequency of approximately 1.4 cells in 1 4 µ 2 tissue and the frequency increased approximately four-fold in DES-treated birds (P < 0.01) (Fig. 5 ). In the thecal layer of primary follicles of DES-treated birds, the frequency of macrophages was approximately four cells in 1 4 µ 2 tissue which is approximately three times higher compared with control birds (P < 0.01). Progesterone showed no significant effect on the frequency of macrophage in the ovarian stroma and theca of primary follicles compared with control birds.
Discussion
The main findings of this study were: (i) the frequency of macrophages in the ovarian stroma and theca of normal primary follicles significantly increases as birds reach sexual maturity and thereafter decreases during ageing; (ii) the frequency of macrophages is higher in atretic follicles than in normal follicles; and (iii) the frequency of macrophages significantly increases in the ovary of DES-treated immature hens but not in progesterone-treated birds.
The population of macrophages increased significantly in the ovary of young laying hens compared with immature hens and decreased significantly in old laying hens. This suggests that the number of macrophages increases when a bird reaches sexual maturity and decreases during ageing.
This age-dependent change in the frequency of macrophages may be associated with ovarian functions such as folliculogenesis and steroidogenesis. Bahr and Palmer (1989) found that aromatase activity and the reduction in the number of small follicles were responsible for oestrogen production during ageing in chickens. In this study, injection of immature hens with DES but not progesterone increased the population of macrophages in the ovarian stroma and the theca of primary follicles in immature hens. Therefore, the higher frequency of macrophages in the ovary of young laying hens compared with immature and old laying hens may be associated with the presence of a greater number of 1995), androgen (Yoshimura et al, 1993a) and progesterone (Yoshimura and Bahr, 1991) in the ovary of chickens indicates that ovarian tissues are target sites for sex steroids. There are reports that immunity is enhanced by oestrogen and is suppressed by progesterone in birds (Cheville, 1978) and in mammals (Pate, 1995) . (1993) reported that in chickens the migration of macrophages into various tissues was induced by chemotactic factors. Shao et al (1996) reported the presence of a macrophage colony stimulating factor in the egg yolk of chickens. In mammals, oestrogen increases the synthesis of macrophage colony stimulating factor and granulocyte macrophage colony stimulating factor, which regulate infiltration of the ovary and oviduct by macrophages, and progesterone inhibits the synthesis of these factors Robertson et al, 1996) .
Macrophages were localized in the theca but not in the granulosa layer of normal primary follicles. In contrast, in atretic primary follicles, macrophages were localized in the granulosa layer and in the follicular cavity as well as in the thecal layer at a greater frequency than in normal follicles. Increased numbers of macrophages were also found in the atretic follicles of mice (Simon et al, 1994) , rats (Bukovsky et al, 1983) and rabbits (Kasuya, 1995) . Apoptosis has been described as the underlying mechanism of follicular atresia in chickens (Witty et al, 1996) as well as in mammals (Stern and Coulam, 1992) . TNF-secreted by macrophages is involved in the apoptotic process of follicular atresia in mammals (Hsueh et al, 1994) . In addition, it is thought that macrophages phagocytose the debris of apoptotic cells (Bowen and Bowen, 1990) . The localized increase of macrophages in atretic follicles in hens may be involved in the phagocytic removal of atretic follicular tissues. It is not known whether macrophages are involved in the induction of atresia because atretic follicles are more frequent in old laying hens than in young laying hens (Bahr and Palmer, 1989) . However, there were fewer macrophages in the ovary of old laying hens compared with young laying hens in the present study. It is likely that the factors that induce macrophages to infiltrate atretic follicles are not regulated by oestrogen, because oestrogen production in these follicles is lower than in normal small follicles (Bahr and Palmer, 1989) . Further studies are required to determine the factors that promote macrophages to infiltrate atretic follicles.
In conclusion, the number of macrophages increases in the hen ovary during sexual maturation and decreases during ageing. It is likely that oestrogen is one of the factors that induces macrophages to infiltrate the ovary, although the precise mechanism for this remains to be studied.
